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TESTS OF VARIOUS PORI^S OF BELT CONNECTIONS.
I INTRODUCTION.
The transTTiisaion of poTver is one of the oldest problems
which has confronted men interested in machinery. The ancients
used bark peeled from trees in some instances to serve as belts
for driving rotating parts of machines. Without doubt the
fastening together of these crude devices gave them no little
trouble. As the mechanical world developed the method of
transmitting power grew in the same proportion, until, at the
present time, we have various materials ~ the one most in favor
being leather - used in the construction of belts. Numerous
connections have been invented to supply the demand which this
advancement in power transmission has awakened. Although the
strength of the belt depends upon the weakest part, which is
usually the joint, there is very little available data with
respect to the relative strength and durability of belt con-
nections.
It is the object of this thesis to duplicate some
work which has been done along this line and to carry on tests
to a further extent, under conditions similar to those occuring
in ordinary practice.
Many tests have been made on belts and belt connec-
tions but usually only in tension and while both were new.
Similar tests were made in this thesis which showed the

relative values of the ne^T connections tested* Only four-inch
belting was used since the average values for strength per inch
of width should apply equally well to belts which are wider.
Should an attempt to test very wide belts be nade, it is proba-
ble that the difficulty In applying the load uniformly across
the width of the belt would give less reliable data than tests
on narrower belting. In practice it may be assumed that in
belts of considerable lengths, even if the fasteners are not
properly applied, the tension will be distributed almost uni-
formly across the belting due to it*s stretch and elasticity.
On the other hand, narrower belts, if used for these tests,
would not give values which would represent as these do the
average strength of several gripping points between the belt
and the connection. Since the strength of the fastener does
not increase proportionally with an increase in thickness of
belt, both single and double were tested, which should give
values that could be applied with a reasonable degree of accur-
acy to belts varying in thickness.
These tests of new belts and connections, however, do
not represent the conditions which exist in the actual use of
belts. The constant bending over pulleys may cause rapid
wear either of the connection itself or between the belt and
the fastener. After long use it is evident that the strength
of the belt connections would be much lower than when new. In
order to have some means of comparing the different connections
with respect to their durability, belts joined with the fasten-
ers to be tested were run at high speed over small pulleys for

a fixed length of time and then tested in a manner similar to
the new connections. This work was carried on under the direc-
tion of the department of Theoretical and Applied Mechanics.
II. THEORY AND AVAILABLE DATA.
Belt connections may be analyzed theoretically as
riveted joints. There are three forms of failure which may
now occur; (a) the connection itself may fail; (b) rupture
may occur at the smallest cross section of the belt which is on
a line with the holes for the fastener; (c) the holes may tear
to the end of the belt which in riveted joints is known as
"tearing out". In order to have an efficient joint, either
of the three above forms should be equally liable to failure.
The efficiency of a belt connection is the ratio of
the breaking strength of the connection to the breaking strength
of the belt.
Efficiency = Strength of Connection
Strength of Belt
Therefore, as a concrete example, suppose a connection breaks
at a tension of six hundred pounds per inch of width, and that
the strength of the belt is twelve hundred pounds per inch of
width, then the efficiency of the connection is equal to fifty
percent.
A few tension tests on new belt connections have been
made by such men as Unwin, Towne, and Flint. Unwin's results
which were obtained from his "Elements of Machine Design", are
shown in the following table.
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Pounds per inch of width.
Double belt, copper semi — 1110
Single belt, ordinary lace joint 473
Single belt, butt laced 265
Single belt, joint scarfed and glued — 544
Single belt, grip fasteners -— 242
Single belt, Crowley*s 635
Single belt, riveted in two rows 304
Townees tests are given in his investigation of
"Adhesion of Leather Belts to Cast-iron Pulleys" . The average
of the trials were as follows :-
Pounds per inch of width.
Three-inch belts broke through lace holes 210
Three-inch belts broke through rivet holes - 382
Three-inch belts broke entire belt 675
This gives an efficiency for the laced connection of 31 percent
and for the riveted 56 percent.
Professoi* Flint, of Maine State College, also made
a series of tests and his conclusions were that metal fastenings
serving as connections fail at from 25 to 50 percent of the
strength of the solid belt and that lace joints fail under a
stress from 30 to 80 percent. These conclusions were obtained
from an account of Professor Flint's tests in the "American
Machinist" for November 14, 1895.

The following table was obtained from G« F. Gebhardt^s
experiments (February 11, 1909) made at Armour Institute of
Technology, Chicago, and are results obtained from tensile tests
of "Alligator" steel lacing.
Sample Lacing Kind of Belting Pounds per inch of width.
No . No
.
A 25 Four ply stitched canvass 650
B 25 Four ply rubber 640
25 No. 1 Single Leather 575
D 45 Eight ply stitched canvass 88B
E 45 Six ply rubber 840
P 45 Six ply rubber — B42
G 45 Six ply rubber 860
H 45 No. 1 Double Leather 1000
1 45 Imported woven Cotton 1110
Tables I, II, and III, which follow later, were ob-
tained from a Thesis on "Tests of Belt Connections" made at the
University of Illinois, 1908 by "Fast". These are the only
available data which bears directly on the subject in hand and
it is interesting to note how closely it agrees with a larger
number of tests on similar connections. These tables have been
slightly rearranged in order to make a direct comparison with
our own results. The headings of the columns have been some-
what altered but practically the same meaning is evident. The
"Jewell" and the "Blake" connections used in "Fast's", thesis
will be known hereafter in this thesis as the "Potter" Belt
Hook and the "80th Century Belt Studs" respectively.
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III. IIATERIALS, TEST PIECES MB METHODS OF TESTING.
The belting used in all the following tests was four-
inch single (3/16 inches thick) and four-inch double (3/r inches
thick). This was the best oak bark tanned oxiiide manufactured
by Chas. A. Schieren & Company of Chicago.
There were eleven different kinds of connections
tested; two styles of rawhide lacing; three of the metallic
hinge type; two of wire lacing; three of the belt hook type
and one of belt studs. Although these may not comprise all
the different makes on the market, nevertheless representatives
of all the types have been mentioned above.
The rawhide lacing used was the "Royal Worcester"
(3/8 inch cut lace) made by Graton & ICnight Manufacturing
Company, Chicago.
The Metallic Hinge, type of fastener was represented
by the following makes; (a) the "Jackson" which is a machine
made connection of wire having a high tensile strength; (b) and
(c) the "Flexible" steel hinge and the "Alligator" steel hinge,
manufactured by the Flexible Steel Lacing Company, Chicago.
The wire, which is very pliable, used for the wire
lacing and represented by the "A-B-C" and "Trojan", was manufac-
tured by Kerr & Company, New York, and Leather Preserver Manu-
facturing Company, Chicago, respectively.
The Belt Hook fasteners consisted of ; (a) the "Cres-
cent",which is composed of a steel plate and rivets and made by
the Crescent Belt Fastener Company, New Yorkj (b) the "Bristol"
which is a steel hook made by the Bristol Company of Waterbury,
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Oonneotiout; (o) the "Potter" which is a heavy hook made of
malleable iron manufactured by the Jewell Belt Hook Company of
Hartford, Connecticut.
The "Twentieth Century Belt Studs" were manufactured
by Graton & Knight Manufacturing Company, Chicago, and are
made of an alloy high in tensile strength as may be seen from
Table VIII. The connections named above are shown in Figures
5-10 inclusive. The only materials donated for this work
were the "Potter" Belt Hooks made by the Jewell Belt Hook
Company
.
The ultimate tensile strength for both the double
and single belting was found so as to have a basis for calcula
ting the efficiency of each connection. The test specimens
for these were cut in lengths of about three feet, tivo of
single and two of double belt. In order to insure breaking
inside the gage length, pieces were glued to each end on both
sides as shown in the accompanying
figure
.
At the same time the ultimate
tensile strength was determined,
readings of elongation for increments
of loads were taken by means of a
specially designed extensometer
shown in Figure I . By referring to
the figure it will be seen that as
the clamps draw apart the
which passes around the pulley "b"
1-
>
'v.
>
"a"

is kept taut by the weight "d" and causes the pointer to revolve
«
The diameter of the pulley "b" was made such that for each
revolution the belt between the clamps would elongate one inch.
From these readings a stress graph was made of the belting and
one for each kind of connection which may be seen by referring
to curve sheets V - X inclusive.
Since the belting used was too wide to be placed in
the regular testing machine grips, special clamps, shown in
j
Figure II, were employed. These clamps were in turn held by !
the regular wedge grips of the Three Screw 100,000 pound Olsen
Testing Machine in the Laboratory of Applied Mechanics. VThen
|
applying the special clamps to the belting, a square was used
to make the axis of the belt and clamps parallel. This secured
t
as nearly as possible, a uniform stress in the belting. The
|j
above method was used for all tests of belting and connections.
The belting used for tension tests of connections
j
i
was cut in lengths of about eighteen inches . An end of each
!
one was placed in the clamps described above, while the two
remaining ends were fastened together by the connection to be
;
I,
tested. The ultimate tensile strength was then found of the
connection, after which it was cut out, using a square so as
to leave each end of the remaining belt ready for a different
connection. In this manner the different kinds of connections
^
were rotated so as to give each type an equal advantage for any i
variation in the strength of the belting. Six specimens of i
each connection were tested for both single and double belting, ;
making a total of one himdred and thirty-two tests.
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The oonneotiona were applied to the belt by the writers
with the exception of the "Jackson" machine lace. The belting
used for the durability tests was out in lengths of about four-
teen inches for double belt and eight inches for single. A
||
belt twenty-three feet in length, composed of three or four
different kinds of fasteners, was thus joined together, contain-'
ing six connections of each kind. The belt was then placed in
the durability apparatus and run for twelve hours in periods of
about two hours each. After the durability test the connections
remaining intact were then tested in tension and the efficiency
j
determined as previously described. The percent deterioration
of each fastener was then determined as follows:-
Let Sn = ultimate tensile strength of new
j
connection. !'
Sd = ultimate tensile strength of connection
after durability test,
^d ~ percent deterioration. I
Then Pd = 100 - 3(i . 1:
Sn
j!
The durability apparatus first used consisted of a
countershaft with a four-inch pulley belted to a one horse I'
power induction motor. The general arrangement of this appara-
:
tus may be seen in Figure III. » "The test belt , as will be
seen by the figure, ran over the four-inch pulley on the
countershaft and a four-inch loose pulley on the lever mechanism
below. A constant tension was maintained in the belt by
placing weights in the box on the end of the lever, which v/as
fastened to the wall at"B" . For the double belt a weight of
eighty-nine pounds was placed in the box; then the tension "T", !
in the belt due to the weight, "VT", which was acting at the end
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of the lever arm, "AB" is foimd as follo^rs; taking moments
about "B",
8T = 8 W
Then T = 8 x B9 =356 pounds
2
The total tension considering the weight acting at "C" then is,
T = 356 -f 123
or T = 480 = 60 pounds tension per inch of width."
8
» We are indebted to "Past" for the above figure and description
This was the tension in the double belt but the single belt
was run at forty-five poimds per inch of width. The preliminary
run we.s made with the single belt and very little depreciation
was obtained. It was then decided to run both the double and
single belts under a tension of sixty pounds per inch of width.
When this was attempted it caused an overload of the motor. A
new apparatus was therefore arranged consisting of a seven and
one half horse power direct current motor and a bell crank lever
carrying the idler pulley, similar to the first design. The
general arrangement of this apparatus is shown in Figure IV.
Two 2 X 12 planks sixteen feet long were placed on the concrete
floor in order to have something to which we might secure the
apparatus. The rubber hose which is shown under each end of
the board seiryed to reduce the vibration caused by the rotating
parts. The test belt as will be seen from the figure, ran over
two four-inch pulleys, the one at the motor and the other on the
lever mechanism. The tension in the belt was calculated by
taking moments as explained in the previous discussion. On
this apparatus the belt was run for a total of fifteen hours in
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order to get nearly the same niimber of bends over the pulleys
as in the former apparatus. This gave a larger depreciation
in the connection and the tension in the belt agrees fairly well
with that recommended by P. W. Taylor for double belt, which is
sixty-five pounds per inch of width. This is a little low
compared to Unwin since he recomracnds sixty-five pounds for
single and one hundred and twelve pounds for double belting.
IV. EXPERIMENTAL DATA AlTD DISCUSSION.
Tables IV to XI inclusive give the observed and calcu-
lated data of all the tests made. In Tables IV and VI the
six columns after the first give the ultimate tensile strength
of the connections; the eighth, the average breaking strength;
the ninth, the breaking strength per inch of width; the tenth,
.the efficiency of the connection in percent; while the last
one gives the average number of minutes which it takes to make
the lacing. In Tables V and VII, the first nine columns are
the same as in Tables IV and VI; the tenth contains the number
of bends which each connection made while running in the durabi-
lity apparatus; the eleventh, gives the efficiency in percent
of each connection after it has undergone the durability test;
while the last column gives the deterioration in percent. The
number of bends referred to in Tables V and VII were calculated
as follows ;-
Let V = velocity of the belt in feet per minute
L = length of belt in feet
R.p.m.= the number of revolutions per minute of the four-inch,
pulleys
.

i:
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Let d = diameter of the pulley in inches '
r
;
Then V - TT d x R.p.m. = IT x 4 x 1500 = 1570. ,
12 12 :
i
The length of the belt "L" = 28 feet.
Then the number of bends per minute, since the belt passes over
two pulleys = 1570 x 2 = 112.
28
i',
The total number of bends for a. fifteen hour run then =
112 X 60 X 15 = 100,070.
Plates I and II show the relative efficiencies of
the different connections as determined from the tests, both
of the ultimate tensile strength before and after the durability
tests. The single and double belts were tested for ultimate •;
tensile strength after the durability tests and it was found
that the belting had not depreciated which may be seen by re- !
ferring to Table IX. The fact that the belt tested stronger
after running in the durability apparatus was due perhaps to I
the variation in the strength and thickness of the leather.
The ultimate tensile strength of the wire used in the ji
lacings, of the raiThide and of the 20th Century Belt Studs was |'
found by means of a small tension testing machine in the Labora-
tory of Applied Mechanics. The results of these tests may be
seen by referring to Table VIII. i
RA17HIDE LACE: From the results of "Fast»s" experiments
^
with rawhide lacing, it was decided to use only simple designs,
therefore but two of this type were tested. By referring to
Table VIII it may be seen that a single strand of rawhide broke
at one hundred and forty pounds. In the single belt in both
\
Rawhide Numbers 1 and 2, there was an excess of strength in the

connection. This excess amoimts to the difference between the
combined strength of the strands making up the connection and
the ultimate strength of the ,1oint which in No. 9. is 250 pounds
and in No. 1, 710 pounds. For the former it is probably not
advisable to decrease the cross sectional area of the Rawhide,
j
but in the latter it would make a more efficient joint because
j
the size of the punched holes could be diminished and thus the
cross sectional area of the belt would be increased where the
connection failed. In both Rawhide Numbers 1 and 2 in the
double belt the strands of rawhide failed part of the time, thus ^
indicating that the lace should be increased in the cross sec-
tional area rather than decreased.
HINGE TYPE: The "Jackson" and "Alligator" connections
failed by tension in the belt while the "Flexible" gradually
straightened out the hooks and thus pulled out of the belt
(see Photographs III & iv)
. The last named connection might
be improved by having the hooks slightly longer and a little
larger in cross sectional area. It was noticed in the "Jack-
son" lace that the end of the wires passing over the pulley
first, wears very much faster than the ones following. The
life of the connection might be almost doubled by frequently
turning the belt around so as to make the other end of the
connection pass over the pulley first. Tliis result was only
noted in the case of the small pulleys and may not be duplicated ji
in larger pulleys. The "Alligator" connection failed after the
durability test by breaking the rawhide pin in every case, and
the life of this connection might be prolonged by inserting a
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new pin, although the metal parts were worn and, in some cases,
badly cracked between the hooks. In order to have a basis
upon which to make the conclusion that the life of the fastener
might be lengthened, some tests were made of this connection by
placing in a steel pin after the rawhide pin had failed and the
result showed an increase in the efficiency of the ,1oint of
about ten percent. The "Alligator" and "Flexible" each re-
quire a very short time to place them in position in the belt,
while the"!tackson" requires a special machine and a longer
time to make the connection.
WIRE LACING: In the single belt with both kinds of
wire there was an excess of strength in the connection before
the durability test, but the breaking of the wires caused by
running over the small pulleys does not justify a smaller num-
ber of strands in order to make the connection and the belt of
the ssirae strength. However, in the "Tro.jan" wire, size Number
1 is recommended for belts from three to six inches wide, while
in the "A-E-C",size Number II is recommended for double belting
four inches wide or more. The "Trojan" wire withstood the
durability test in the single belt as did the "A-B-C", but in
the double belt size Number I of the "Trojan" wire broke three
different connections, only three out of the six withstanding
the fifteen hour run. In the "A-B-C" wire, size Number II
was used for the double belting and this stood the durability
test much better, showing that a larger wire is necessary in
double belting as recommended by the manufacturers of "A-B-C"
wire lacing. A fact well worth noting was that the "Trojan"
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wlre failed in the double belting , which was run at the same
tension per inch of width in the belt as in the single, due
perh8.ps because of the stiffness of the belt in passing over
small pulleys thus putting the connection to an excessive bend- i
ing moment. From the tests made it is safe to assume that
better satisfaction would be obtained by using size Number TI
of the "Trojan" wire for double belting four or more inches
wide
.
HOOK TYPE: The "Potter" belt hook failed by the
"tearing out of the connection" while the "Bristol" failed by
straightening out the hooks of the fastener. Each type failed
in a similar manner both for single and double belting. The
same method of failure occured in the experiments which "Fast"
performed and this seems to indicate that in the case of the
"Potter" belt hook, there should be a larger bearing area of
the hooks thus preventing them cutting to the end of the belt,
while in the case of the "Bristol" connection the hooks should
be slightly larger in cross sectional area thus giving them a
greater ability to resist bending and prevent their straighten-
ing out. The principal criticism of the belt hook connections
is due to their rigidity which causes the belt to wear at each
end of the connection and thus weaken the joint. Their prin-
cipal recommendation is due to the quickness and ease with
which the connection is made. The "Crescent" which is the
third representative of the hook type, meets with the same
objection as the two above, due to the stiffness of the joint.
Although this connection did not fail due to "tearing out"
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nevertheless it is neither high in efficiency in the tension
nor the durability tests, with the exception of the former
where it stands second in the double belt, as may be seen from
Table VII.
The "Twentieth Century " belt studs are a very durable
connection and were found to fail in both single and double
belting by pulling the heads through the belt. This seemed to
bear out the conclusion which "Fast" arrived at, namely, that
the bearing area of the heads should be increased in order to
make the connection more efficient. However, it withstood the
durability test better than any other connection in the double
belt as may be seen by Table VII having a depreciation of only
three and one half percent given by Table V* The connection
itself withstood the durability test with practically no wear
due perhaps to the fact that the metal was not brought into
contact with the pulleys thus decreasing the wear and slippage
which xvould otherwise occur.
It will be noticed by referring to Table VIIT that
the breaking strength of the "Twentieth Century" bolt studs is
greatly in excess of the strength at which the ,1oint failed. In
the single belt this amounts to S220 pounds which shows that the
cross sectional area of the stud could be cut down twenty-five
percent and there would still be an excess of strength in the
conjiection. By similar comparison the excess strength in the
studs for double belting is 5350 pounds which shows that the
cross sectional area might be decreased in the same proportion
as the single belt given above.
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V. CONCLUSIONS.
RAWIIDE LACING: (a) The strands comprising the connection
should be slightly stronger than the croas sectional area of
the belt on a line with the holes. (b) The simplest design
withstood the durability test better and hence makes the most
efficient connection for practical purposes.
HINGE TYPE: (a) Tlie hinge joint is vrell adapted to run
over small pulleys. (b) Too much metal is brought in contact
with the pulleys in the "Flexible" and "Alligator" connections,
causing wear and slippage. (c) The "Jackson" is not the fasten-
er to use where time to lace is an important factor.
17IRE LACING: (a) The "A-B-C" and "Trojan" both break too
easily in the endurance test. (b) For double belting a larger
strand of wire is required than for single.
HOOK TYPE: (a) Due to the stiffness of the fastener the
belt is put to an excessive bending and wear on each side of
the joint, (b) The belt hooks are good fasteners to be employed
where inexperienced worlonen make the connection, (c) Little
time is required for placing either the "Potter" or "Bristol"
in the belt.
BELT STUDS: (a) This connection is well adapted for
running over small pulleys at high speed. (b) No metal is
brought into contact ^rith the pulleys, (c) An unusual amount
of time was required to place the studs in the belt.
There have probably been enough data obtained to deter-
mine the most efficient fastener among the num.ber tested. Al-
though "Fast" did not have sufficient data to make a choice of
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j
connections, we feel that our tests together with his, will sup- j'
t
port the decision which he rendered in placing the "Jackson"
fastener first. However, we believe that the kind of connection
I
I
depends on the place where it is used. For example, the "Jackson?
would not be the proper connection to servo as a joint where a j'
shifting of the belt would necessitate using the hand, since the
;
connection would be inclined to injure the person thus employed.
At the same time, any of the Rawhide connections would be appro-
j
priate for the above joint and would avoid all possible injury
|
1!
to the person operating the machine when it became necessary to '
shift the belt.
As may be seen by the detailed construction of the
"Jackson" lacing, it is the best connection because of the fact
j
that the belt has no holes punched in it thus leaving the great-
'
est possible cross sectional area. The wire v^hich is inserted
j
by means of a special machine is pointed on the end and serves
i
j
as Its own punch, since it is rather stiff and of high tensile
!
strength. The use of the pin in the connection gives an easy
|
means of removing the belt when it is desired to take it from
\
around the comitershaft
.
A very convenient device may be employ-
ed as explained in "Fastis" thesis, by using a short piece when
i
a new belt is put on, thus employing two cormections and after
the stretch has been taken out the short piece is then removed.
By this means the piece of belting which would otherwise be
throm away is saved. With respect to efficiency, the "Jackson" \
ranks very high and in some instances is higher after the
durability tests than many of the other connections are when
new.

TENSION TFSTS OF BELT CONNEOTTONS, SINGLE BELT.
1 Rawhide No. II. s Jackson.
4 Rawhide No. T.
2 Trojan(wire)
. 5 Potter.
PHOTOGRAPH I
.
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TRNSIOII TESTS. OF BFLT GONNFCTTONS, POUBLF BFLT.
Twentieth Century Belt Studs. 4 Crescent.
Bristol. 5 Alligator.
Flexible. 6 A-B-C (wire).
PHOTOGRAPH IV.

THREE SCREW OLSEN TESTING MACHINE, SHOWING
TEST SPECIMEN WITH CONNEGTION IN POSITION.
PHOTOGRAPH V.
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Side view of Durability Testing Apparatus
Showing belt in position.
PHOTOGRAPH VII.




I
i
1
1
r
1
1
' t
'
O -P
^ rH
<D
CD CQ
P.
E (D
03 ^
iH +J
D
bO
•H 73
O
© O
to
1
>0
>
1
—
^
rr-
1
r-
1
—1 1
—
—
1
—
1
—I
M
M



FIGURE IV.

-31-
The Twentieth Century Belt Studs, Double Belt.
-H-H-Hi- r
The Twentieth Century Belt Studs, Single Belt.
FIGURE V.
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5 V- y ^/f-
The Alligator Fastener No. 25, Sinri;le Belt
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iU4 ( u
»
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The Alligator Fastener No. 7^5, Double Belt.
FIGURE VI.
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The Potter Belt Hook Fastener, Single Belt.
The Potter Belt Hook Fastener, Double Belt
The Bristol Belt Hook Fastener, Double Belt
FIGURE VIII.
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.07s
The Bristol Belt Hook Fastenei-, Single Belt.
IT-
A A ^ 1^
V V V ^
_ 3
9
The Rawhide No. 1 Fastener, both Single and Double Belt,
i 1
V V
J
3
The Rawhide No. 2 Fastener, both Single and Double Belt^
FIGURE IX.

The Jackson Fastener, both Single and Double Belt.
The Trojan and the A-B-C Fasteners, Single and Double Belt.
The Crescent Fastener, Double Belt
FIGURE X.
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TENSION TESTS OF SINGLE BELT CONNECTIONS. (7/?S x 4 inches
K
Name of
Lacing
.
ULTILIATE TENSILE STRENGTH LB.
Average time
to make con-
nection niin.
Test Number.
Avorage
per inch
Effi-
ciency
percent1. 2, 3
.
Total
Hercules 1715 1830 1670 1771 57.6 20
Jackson 1445 1500 1950 1 6*^1 55.0
Rawhide
Ho. P
1585 1465 1565 OG*x 50'. 20
Belt Studs loSO 1480 48.4 20
Rawhide
No. 7
1350 1465 1445 364 43.7 15
Flexible 1P75 1500 1560 47.0 5
Bristol 1225 1430 1450 1368 342 44.5 5
Semi-
Plexlble
1375 1300 1325 1333 333 43.4 5
Rawhide
No. 1.
1200 1280 1350 1276 519 41.5 50
Potter 1180 1250 1150 1193 298 38.7 5
Rawhide
No. 4.
1110 1090 1260 1153 288 57.4 25
TESTS OP DOUBLE BELT CONNECTIONS. (7/8 x 4 inch).
Potter 3250 3100 3200 3183 796 60.7 5
Jackson 3050 2790 2700 2846 711 54.2
Hercules 2580 2770 2545 2631 658 50.2 15
Rawhide
No. P.
2320 2535 2245 2300 575 45.9 25
Bristol 2125 2250 2370 2248 562 42.8 5
Jackson
Hemp pin
2180 2280 2230 2250 557 42.5
Rawhide
No- 1 .
2115 2215 2060 2150 552 40.6 40
Rawhide
No- A.
2000 1490 1680 1725 451 52.9 50
Rawhide
No. 1^.
1190 1230 1320 1246 511 25.8 20
Semi-
Flexible
1900 1700 2275 1958 489 57.5 10
TABLE NO. I.

DURABILTTY TESTS OP SINGLE BELT CONNECTIONS. (y/SJ^ x 4 Inches).
Name of*
Lacing
.
Ultimate Tensile
Btrenp:th lb.
Average Breaking
stren;?:th lb.
Number
of
Effi-
ciency
Deterior-
ation
Test Number per inch
of width Bends
.
1. 2. Total
Belt 1 •2:00 loov 1560 540 116640 44.2 8.68
Bristol t rrcoIodU 1250 1510 527 116640 42.5 4.50
Semi- X<oDU 1<340 1252 515 116640 40.7 6.25
Flexible 1 17 ^ C1060 1130 1247 512 116640 40.5 13.82
Rawhide 10 50 1550 1200 500 116640 39.0 6.05
Potter 1110 1070 1090 272 116640 35.4 8.52
Rawhide
Wn. r^.
10S5 1140 1087 272 116640 35.4 25.00
Rawhide
Mo. 4-
955 1110 1052 258 116640 55.5 10.40
Rawhide
No. P.
5.75 6 hrs.
50 min.
6 hrs.
17 min.
63074 0,0 100.0
Hercules 2.75 2 hrs.
35 min.
2 hrs.
40 Tn1n-
25920 0.0 100.0
Jackson 17so 8 hrs.
10 min
J
430 79380 55.9 100.0
Jackson 6 hrs. 64800 0.0 100.0
DOUBLE BELT CONNECTIONS. (?;/r x 4 inches).
Jackson 2965
I
3450 3207 801 116640 61.8 None
.
Potter 1790 2760 2275 568 116640 43.4 28.50
Bristol 2130 2180 2155 558 116640 41.0 2.52
Hawhide
No. 4.
1680 11 hrs.
50 m-i -n,
420 116640 52.0 3.20
Rawhide
No. 1.
1560 1650 1605 401 116640 30.6 24.60
Semi-
Flexlble
1240 1390 1315 328 116640 25.0 46.40
Rawhide
No. p;.
3 hrs.
5 min.
6 hrs. 4 hrs.
3S min.
44064 0.0 100.0
Rawhide
No. 2.
3.5
hrs.
4 hrs
.
5 rain.
3 hrs.
47 min.
36774 0.0 100.0
Hercules 35 41
min
.
38
min .
6156 0.0 100.0
TABLE NO. II.
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h
1
1
ULTIMATE TENSILE STRFITGTH OF BELTING.
Kind of
Belting
Ultimate strength lb. Average
lb.
Average per
in. of width
lb.
Test Number
1. 2. 3.
Double 3855 4060 3890 3936 1312
Durability
TARt.
5780 4100 5740 5875 1291
Single 2310 2260 2365 2511 770
Durability-
Test
2350 2285 2470 2568 789
TABLE NO. III.
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TENSION TESTS OF CONNECTIONS
Name of Area in Breaking Load Pounds
Lacing Square inches Total Per sq. in.
Rawhide .0220 140 61570
Trojan .0016 82 51420
A-B-C .0016 81 50600
A-B~C .0024 140 58^50
Belt Studs .0114 500 43800
Belt Studs .0145 820 57400
TABLE VIII.
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I
TENSION TESTS OF BELTING
NEIV BELT
Single Belt. Double Belt
Test
Number
Ultimate Strength lb. Test
Number
Ultimate Strength lb.
Total
per inch
of vfidth Total
per inch •
of width
1 1750 875 1 3050 1525 1
2 1850 975 2 3250 1625
5 1750 875 ? 3300 1650
Average 1783 908 Average 3225 1600
'
BELTING AFTER DURABILITY TEST
1 1750 875 1 3175 15P7
2 2300 1150 2 3250 IP" 5
3 1800 900 3 3050 15 5
Average 1950 975 Average 3158 1612
TABLE IX.
,
1
I
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• SINGLE BELT CONNECTIONS.
ing
No
.
Load on Scales
in poimda
Elongation inches
.
"Crescent" "A-B-C-^ "RaTThide No.l"
Total per
sq. in.
Total per in. Total pei7 in. Total per in.
1 200 266 .164 .027 . 204 .034 • 360 .060
2 o35 • 312 .052 •432 .072 .780 .130
.5 600 800
X
.582 .097 •792 .132 1.182 .197
4 800 1066 •894 .148 1.070 .178 1.572 .262
5 1000 1535 1^212 .202 1.405 .234 1.860 .310
6 1200 1600 1.156 • 255 1.740 • 290 2.304 .384
"Jackson" ^ "Belt Studs" "Ravrhide No. 2"
1 200 266<o \J .084 .014 .084 .014 .432 .072
2 cr rr rro3o .168 .028 .204 .034 .720 .120
O 600 800 .348 •058 .408 .068 1 • 560 .2G0
4 800 1066 .540 .190 .696 .116 1.668 . 278
5 1000 1333 • 780 .130 .948 .158 1.902 .317
6 1200 1060 1^128 .188 1.248 • 208 2.400 .400
"Bristol" "Pott,er" "Flexible"
1 200 266 .156 .026 .228 .038 .108 .018
2 400 533 • 372 •062 .606 • 101 .252 .042
3 600 800 • 696 .116 .900 .150 .492 .082
4 800 lOfifi 1.040 • 174 1.200 • 200 .744 .124
5 1000 xooo 1^416 • 236 1.580 .251 1.116 .186
6 1 POO 1 600 1.680 .200 1.800 .300 1.368 .228
"Alligator" "Trojan"
1
.126 .021 .126 .021
400 ry533 .288 •048 .312 .052
rzO 600 800 .516 •086 .582 .097
4 800 1066 .822 • 137 • 894 .148
5 1000 1333 1.135 .189 1^210 .202
6 1200 1600 1.405 .254 1^536 .256
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DOUBLE BEI.T CONNECTIONS.
Read-
ing
No.
Load on Scales
in pounds
Elongation in inches.
Total
"Bi
per in.
istol"
Total
"All
per in.
igator"
Total
"Jac
Der in.
teson"
Total per
sq. In.
1 400 266 .505 .084 .540 .090 .462 .077
2 800 535 .852 .142 .710 .118 .732 .122
1200 800 1.130 .188 .875 .146 1.010 .168
4 1600 1066 1.430 .239 1.190 .197 1.338 .^23
5 2000 1333 1.760 .295 1.510 .251 1.570 .261
6 2400 1600 2.060 .343 1.780 .296 1.850 .308
"Fie xible" "Belt Studs" "Potter"
1 400 266 .582 .097 .480 .080 .552 .092
2 800 533 .912 . 152 .732 .122 .870 .145
3 1200 800 1.850 • 212 1.060 .176 1.200 .200
4 1600 1066 1.620 .270 1.460 .238 1.400 .236
5 2000 1353 1.445 .324 1.620 .270 1.650 .275
6 2400 1600 2.330 .388 1.890 .315 2.010 .345
"Orescent" "Rawhide No.l' "Hawhide No. 2.
1 400 266 .600 .100 .660 .100 .720 .120
2 800 533 .960 .160 1.020 .170 1 . 120 . 187
3 1200 800 1.290 .216 1.350 .225 1.390 .231
4 1600 1066 1.560 .260 1.830 .302 1.890 .316
5 2000 1533 1.940 .322 2.160 .360 2.390 .398
"Tro jan" "A-B-C"
1 400 266 .456 .076 .498 .083
2 800 533 .840 .140 1.050 .175
3 1200 800 1.250 .203 1.590 .266
4 1600 1066 1.580 .265 2.010 .335
5 2000 1333 1.870 .311 2.400 .400
TABLE XI.
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